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The susceptibility of infarcted right ventricular myo•
cardium to inducible ventricu.ar tachyarrhythmias was 
serially evaluated in 18 conscious dogs during the first 
2 weeks after permanent right coronary artery occlu•
sion. Properly timed double premature stimuli applied 
to the right ventricular outflow tract induced sustained 
(longer t~an 1 minute) ventricular tachycardia at rates 
of 190 to 400 beats/min in nine dogs, and ventricuJar 
fibrillation in six dogs. No ventricular arrhythmias could 
be induced in the remaining three dogs. The zone of 
premature coupling intervals within which ventricular 
tachyarrhythmias could be induced decreased in each 
dog as the infarct aged, and by day 12 after occlusion, 
no ventricular arrhythmias could be induced in any of 
the dogs studied. Both the size and the degree of patch•
iness (graded from 0 for no patchiness to + 4 for patch•
iness throughout the infarct) of the infarct appear to be 
Experimental studies (1-3) in dogs with left ventricular 
infarction have shown the occurrence of inducible ventric•
ular tachyarrhythmias, which closely resemble inducible 
ventricular tachyarrhythmias in humans with coronary artery 
disease. In humans, however, the right ventricular myo•
cardium often becomes involved in the process of ischemia 
and infarction in association with the left ventricle (4-7). 
From the Divisions of Cardiology and Anatomic Pathology, Depart•
ments of Medicine and Pathology, Cedars-Sinai Medical Center and UCLA 
School of Medicine, Los Angeles, California. This study was supported 
in part by Grant 731-G2-1 from the American Heart Association, Greater 
Los Angeles Affiliate, and by ECHO Research Fund, Cedars-Sinai Medical 
Center. Dr. Karagueuzian is the recipient of Research Career Development 
Award 01293-02 from the National Heart, Lung and Blood Institute, Be•
thesda, Maryland. Presented in part at the 55th Scientific Sessions of the 
Amencan Heart ASSOCiation, DaIlas, Texas, November 1982. 
Manuscript received August 20, 1985; revised manuscript received 
October 30, 1985, accepted November 13, 1985. 
Address for reprints: Hrayr S. Karagueuzian, PhD, Division of Car•
diology, Room 5314, Cedars-Sinai Medical Center, 8700 Beverly Bou•
levard, Los Angeles, California 90048. 
© 1986 by tbe Amencan College of Cardiology 
related to the nature of the induced rhythm. Infarcts 
with greater heterogeneity and ~hose that were larger 
than 8 % of the right ventricular volume were associated 
with a higher incidence of ventricular fibrillation, and 
infarcts with a lesser degree of patchiness were more 
suitable for sustained ventricular tachycardia (3.4 ± 1.2 
versus 1.4 ± 0.4, P < 0.05). 
These findings indicate that 1) the infarcted right 
ventricular myocardium, independent of left ventricular 
involvement, can be associated with malignant ventric•
ular tachyarrhythmias, 2) ventri~ular tachyarrhythmias 
can be induced only during a well defined postinf~rction 
period; and 3) both ~he size and geometry of the right 
ventricular infarct determine the nature of the induced 
ventricular rhythm. 
(J Am Coli CardioI1986;7:850-8) 
This makes a systematic clinical evaluation of the role and 
significance of the infarcted right ventricle, per se, in ar•
rhythmia genesis a difficult task because of the very low 
incidence of isolated right ventricular infarction in humans 
(4). Therefore, a question arises as to the role of the ischemic 
and infarcted right ventricle in the initiation and maintenapce 
of inducible ventricular tachyarrhythmias during myocardial 
infarction. Few clinical reports (8,9) have evaluated the 
potential role of the infarcted right ventricle in the genesis 
of malignant ventricular tachyarrhythmias. Consequently, 
in the present study we sought to determine the suscepti•
bility, if any, of myocardial infarction limited exclusively 
to the right ventricle in a canine model subjected to complete 
and permanent right coronary artery occlusion. 
Methods 
Surgical procedures. Twenty-five mongrel dogs of either 
sex, weighing between 20 and 25 kg were first premedicated 
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intramuscularly with morphine sulfate (1 to 1,5 mg/kg body 
weight) and then anesthetized with 20% intravenous ethyl 
carbamate (50 to 100 m\). The dogs were then intubated 
with cuffed endotracheal tubing and ventilated with room 
air using a Harvard respirator pump, A lead II electrocar•
diogram was continuously monitored on a DR 16 Electronics 
for Medicine photographic recorder. The right coronary ar•
tery was occluded in 21 dogs in the closed chest state by 
inflating an intracoronary balloon. The left carotid artery 
was exposed first and a 7F modified Judkins catheter was 
inserted into the aortic root through the left carotid artery 
under fluoroscopic control. The right coronary artery was 
visualized by injecting 1 ml of Renografin-76 into the right 
coronary ostium. The artery was then occluded by inflating 
the balloon approximately 1 cm from the right coronary 
ostium. Occlusion of the artery was confirmed by injecting 
0.5 ml of Renografin-76 proximal to the inflated balloon 
and showing lack of flow distal to the occluded site. In the 
remaining four dogs, the balloon was left in the right coro•
nary artery uninflated. These dogs constitute control or sham•
operated dogs. 
One bipolar electrode catheter (6F-USCl) with 1 em in•
terelectrode distance was inserted through the left jugular 
vein and positioned in the right atrium to record a right atrial 
bipolar electrogram. Another (6F-USCl) quadripolar elec•
trode catheter with 1 em interelectrode distance was inserted 
through the same vein to the right ventricle, and positioned 
near the outflow tract through a curvature made at the distal 
end of the catheter. The distal two leads of the catheter were 
used for ventricular pacing near the outflow tract and the 
proximal two for recording a bipolar ventricular electro•
gram. A Tygon catheter (R-363, 3.17 mm outer diameter 
and 1.58 mm inner diameter) was inserted through the right 
carotid artery to the root of the aorta to record aortic blood 
pressure. All catheters were exteriorized at the neck and 
sutured in place. Sterile conditions were used throughout 
the entire procedure and antibiotic medication administered 
at the conclusion of surgery. All dogs were left to recover 
and returned to their cages. 
Electropbysiologic studies. Three dogs with coronary 
occlusion died (one during catheterization, the second over•
night and the third 24 hours after occlusion). Electrophys•
iologic studies were done on all 22 surviving dogs beginning 
on day 1 (24 hours postoperatively) and on each of the next 
12 days. Thirty minutes before the study. the dogs were 
sedated with intramuscular morphine sulfate (1 to 1 .5 mg/kg 
body weight), and secured on their right side in a cradle. 
in a dimly lit room. The right ventricle of the awake. semi•
sedated dog was paced at cycle lengths of 500 to 300 
seconds with a custom-made, digital, programmable stim•
ulator with a constant current pulse of twice diastolic current 
threshold and 2 ms duration. Initially. single premature stim•
uli (S2) (same characteristic as the basic drive stimuli) were 
applied after eight regularly driven beats at a progressively 
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shorter coupling interval (10 ms decrement at long coupling 
intervals, 300 to 200 ms and by 5 ms at shorter coupling 
intervals) until ventricular refractoriness or ventricular re•
petitive activity was induced. If no repetitive activity was 
induced, S2 was fixed 10 ms outside the refractory period 
of the SI and then a second premature stimulus (S3) was 
applied until refractoriness was encountered or tachycardia 
induced. The sequence was repeated with a third premature 
stimulus (S4S3) set 10 to 15 ms outside the refractory period 
as S2' In dogs in which ventricular fibrillation was induced, 
transthoracic shocks of 160 W-s (measured output of the 
cardioverter) were applied 10 seconds after the initiation of 
ventricular fibrillation, while the dogs were unconscious. 
Fifteen minutes later. when blood pressure and heart rate 
returned to basal levels, the electrophysiologic study was 
continued. In any given dog. no more than three episodes 
of ventricular fibrillation were induced in a given day. In a 
dog in which ventricular tachycardia was induced and did 
not terminate spontaneously within 5 minutes. that is, sus•
tained ventricular tachycardia, it was terminated by elec•
trical intervention (overdri ve ventricular pacing or transthor•
acic shock). Ventricular fibrillation could not be successfully 
cardioverted in three dogs in the ventricular fibrillation group 
(see later). This occurred on the 6th day in one dog, on 
the 8th day in another and on the 11th day in the third dog. 
All records were continuously monitored on a DR 16 
Electronics for Medicine photographic recorder and the en•
tire study in each dog was recorded on magnetic tape (Data 
tape model CPR-4010, Bell and Howell). The tapes of the 
dogs in which ventricular tachyarrhythmias were induced 
were played back, and permanent records of episodes of 
induced ventricular activity were obtained on a DR-16 re•
corder at a paper speed of 100 to 200 mm/s, for analysis 
of tachyarrhythmia characteristics. 
Electrophysiologic-bistologic correlation. After the 
conclusion of electrophysiologic studies, dogs were anes•
thetized with intravenous sodium pentobarbital (35 to 50 
mg/kg body weight). the hearts removed and cut in 1 cm 
thick transverse slices from apex to base and incubated for 
5 to 10 minutes in triphenyltetrazolium chloride, then fixed 
in 10% neutral buffered formalin. The location of the infarct 
was identified grossly by triphenyltetrazolium and the size 
of the infarct measured by planimetry of photographs of the 
ventricular slices (10). 
The entire right ventricular free wall was dissected away 
from the left ventricle and sliced into six to eight transverse 
serial strips (giant sections) approximately 1 cm thick. Each 
giant section was stained by hematoxylin-eosin or Masson's 
trichrome method to evaluate the topography of the infarct. 
Each giant section included the full thickness of the right 
ventricular wall from endocardium to epicardium. Two 6 J.L 
thick sections were sampled from each giant section and 
stained with hematoxylin-eosin or toluidine blue for detailed 
histologic evaluation. Twelve to 16 histologic sections that 
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endocardium to epicardium were evaluated from each dog. 
Patchiness was defined as the presence of isolated bun•
dles of viable myocardial fibers, which in the histologic 
sections appeared completely surrounded by connective tis•
sue. Microscopic interdigitating bundles of viable myocar•
dium and connective tissue at the subepicardial border of 
the infarct was not considered patchiness. The patchiness 
of each infarct was graded semiquantitatively (0 to +4) 
according to the following criteria: 0 == no patchiness; + 1 
== patchiness at anterior, posterior and subepicardial mar•
gins of the infarct in apical and basal extremes only; + 2 
== patchiness at anterior, posterior and subepicardial mar•
gins of the infarct from its apical to basal margin; + 3 == 
patchiness throughout the infarct in less than 50% of his•
tologic sections and + 4 == patchiness throughout the infarct 
in more than 50% of the histologic sections. 
Results 
Spontaneous ventricular tachycardia after right coro•
nary artery occlusion. All 18 surviving dogs with right 
coronary artery occlusion had frequent periods of sponta•
neous ventricular tachycardia during the 20 to 26 hours after 
occlusion, lasting from several minutes to the entire 6 hour 
study period. Tachycardia was usually monomorphic with 
a mean rate of 163.2 ± 25 beats/min (range 130 to 245). 
Short periods (3 to 7 seconds) of normal sinus rhythm were 
present when the rate of the tachycardia was less than 140 
beats/min. Thereafter, tachycardia began with a premature 
ventricular depolarization that occurred well after the T wave 
of the preceding beat of sinus origin. Overdrive right ven•
tricular pacing at cycle lengths of 150 to 300 ms for 5 to 
15 seconds (Fig. 1), or premature right ventricular stimu•
lation, could not terminate the tachycardia in any of the 18 
dogs studied. These characteristics were similar to those of 
our recently reported study (11) in dogs with spontaneous 
ventricular tachycardia 1 day after right coronary artery 
occlusion. 
Forty-eight hours after occlusion, 14 dogs still had spon•
taneous ventricular tachycardia with a mean rate of 141.2 
± 18 beats/min, significantly slower than at 24 hours (p < 
0.05). Three of these 14 dogs had various degrees of atrio•
ventricular (A V) block. At 72 hours after occlusion, all dogs 
had normal sinus rhythm, except the three dogs in which 
various degrees of A V block was stilI present. These, how•
ever, subsided by day 4 of occlusion. All four dogs in the 
control sham-operated group had normal sinus rhythm dur•
ing the study period 22 to 24 hours after surgery, with the 
exception of one dog that exhibited isolated premature ven•
tricular depolarizations « 3%). No such activity was pres•
ent in any of the four dogs in the control group during the 
subsequent 11 days of study. 
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Figure 1. Failure of overdrive right ventricular pacing to terminate 
spontaneously occurring ventricular tachycardia in a dog 24 hours 
after permanent right coronary artery occlusion. In lead II of the 
electrocardiogram (EeG) (top panel), six beats of the tachycardia 
are shown; thereafter right ventricular overdrive pacing (single 
arrow) is initiated at a cycle length of ISO ms for IS seconds. 
After the cessation of the overdrive (double arrows), tachycardia 
resumes with a similar configuration (six beats of the tachycardia 
are shown). AoBP = aortic blood pressure with 100 mm Hg 
calibration; RAeg and RVeg = right atrial and right ventricular 
bipolar electrograms, respectively. 
Induction of ventricular tachycardia and ventricular 
fibrillation by programmed electrical stimulation. A. Ef•
fect of single premature stimuli. In four dogs, early single 
premature stimuli at coupling intervals of 200 to 140 ms 
induced nondriven rapid ventricular depolarizations (up to 
15 beats) during days 3 to 9 after occlusion. No such activity 
could be induced in the remaining dogs with coronary oc•
clusion, nor in the four sham-operated dogs in any of the 
12 study days. The RR interval of the induced short-lived 
repetitive ventricular depolarizations (nonsustained ventric•
ular tachycardia) ranged between 100 and 210 ms (mean 
162 ± 24 ms), and lasted for 2 seconds at most. Thereafter, 
normal sinus rhythm ensued after a pause of 230 to 670 ms. 
E. Effect of double premature stimuli. Figure 2 illustrates 
typical patterns of response of the infarcted right ventricle 
to applied double premature stimuli. Depending on the cou•
pling interval of 52S3 , various types of ventricular activity 
occurred, including ventricular fibrillation (Fig. 2C) (suc•
cessful cardioversion occurred with one transthoracic shock), 
short-lived hypotensive rapid ventricular tachycardia similar 
to torsade de pointes (Fig. 2D) terminating spontaneously 
and sustained ventricular tachycardia (Fig. 2F) requiring 
electrical termination (see later). Sustained ventricular 
tachycardia (defined as tachycardia lasting more than I min•
ute and often requiring electrical intervention for termina•
tion) was induced in nine dogs, in six of which changing 
S2S3 coupling interval also induced ventricular fibrillation 
(Fig. 2, Table 1). The pattern of induced ventricular rhythm 
was not predictable and there was no specific coupling in•
terval of the applied premature extrastimuli that could pre•
dict the occurrence of either ventricular tachycardia or ven•
tricular fibrillation in a given dog. Premature stimuli that 
induced sustained ventricular tachycardia could also induce 
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Figure 2. Various patterns of mduced ventricular rhythm by ap•
plied double premature stimuli (arrows) at indicated coupling in•
tervals during regular ventricular drive at 350 ms cycle length in 
a dog, 4 days after permanent right coronary artery occlusion. In 
each subset of the figure (A to F), the upper recording is lead II 
and the lower recording is aortic blood pressure (AoBP) with 100 
mm Hg calibration. Note that in 8, one ventricular beat is induced 
and in C, ventricular fibrillation is induced after 2 seconds of very 
rapid tachycardia (torsade de pointes?). Such rapid activity is also 
induced in D (with slight shortening of the S2S3 coupling interval) 
which lasts for 7 seconds and then spontaneously converts to nor•
mal sinus rhythm. In F, sustained monomorphic. stable ventricular 
tachycardia at a cycle length of 250 ms is induced, which requires 
overdrive ventricular pacing for termination (not shown). 
ventricular fibrillation. Furthermore, the quality and pattern 
of the induced ventricular rhythm before the initiation of 
ventricular fibrillation were highly variable. This group of 
nine dogs was defined as the ventricular tachycar•
dia/ventricular fibrillation group. In six dogs, the application 
of double premature stimuli induced ventricular fibrillation. 
Systematic scanning with both double and triple extrastimuli 
failed to induce sustained ventricular tachycardia. This group 
was defined as the ventricular fibrillation group. In three 
dogs with right coronary artery occlusion, the application 
of single, double and triple extrastimuli scanning the entire 
cardiac cycle failed to induce repetitive ventricular activity 
(no ventricular arrhythmia group). Similar results were also 
obtained in the four sham-operated dogs. The classification 
of dogs to various groupings is based on the electrophysi•
ologic results obtained during the entire 12 day study period. 
In seven dogs in the ventricular tachycardia/ventricular 
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fibrillation group and five dogs in the ventricular fibrillation 
group, short-lived (up to 20 seconds) rapid ventricular 
tachycardia at rates between 300 and 400 beats/min were 
also induced with either double or triple premature stimuli 
(Fig. 2D). The aortic blood pressure during this rapid ven•
tricular rhythm, which spontaneously terminated within 20 
seconds, was drastically reduced. Table 1 summarizes the 
results of double premature stimulation in all 18 dogs with 
coronary artery occlusion, and in 4 sham-operated dogs 
during days 3 to 12 of the study period. 
The S2 S} coupling intervals, during which either ven•
tricular tachycardia or ventricular fibrillation could be in•
duced. were similar in both groups. The outer boundary 
ranged between 227 and 240 ms (225 ± 11, mean ± SD) 
and the inner boundary ranged between 116 and 150 ms 
(127 ± 9), resulting in a mean tachycardia/fibrillation zone 
of about lOOms. As the infarct aged, the width of this zone 
became narrower, and by day 10 after occlusion, only crit•
ically timed double premature stimuli over a narrow range 
(less than 8 ms) of coupling interval could induce ventricular 
tachyarrhythmias. By day 12 after occlusion, no ventricular 
arrhythmias could be induced in any of the dogs studied. 
The induction of both ventricular tachycardia and ventricular 
fibrillation was highly reproducible in any given dog. Fur•
thermore, the application of triple premature stimuli during 
regular ventricular drive gave virtually identical results com•
pared with double premature stimuli. 
The ability of double premature stimuli during normal 
sinus rhythm to induce sustained ventricular tachycardia 
was tested in five dogs in the ventricular tachycar•
dia/ventricular fibrillation group. This resulted in successful 
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Table 1. Nature of Ventricular Response to Applied Double Ventricular Premature StimulI in 
Dogs, 3 to 12 Days After Permanent Right Coronary Artery Occlusion 
Infarct Size 
Type of Ventricular (% of nght 
Group No. of Dogs Response ventricular free wall) 
VTIVF 9 Sustained VT and VF* 37.3 ± 9 
VF 6 VF 40 ± st 
NoVA 3 No ventricular response 6.3 ± 2t 
Control (no RCA occlusion) 4 No ventricular response 0 
*Six dogs in thIS group also developed sustained ventricular tachycardIa in addition to the inductIOn of 
ventricular fibrillation. tNot significant (compared with VTIVF group); tp < 0.02 (compared with both VTIVF 
and VF groups). All values mean ± SO. RCA = right coronary artery; VA = ventricular arrhythmia; VT 
and VF = ventricular tachycardia and fibrillation, respectively. 
induction of the tachycardia in three dogs, which had similar 
configuration and rate when compared with the tachycardia 
induced during regular ventricular drive (Fig. 3). 
Characteristics of induced-sustained ventricular 
tachycardia. Sixty-three episodes of sustained ventricular 
tachycardia were induced in nine dogs in the ventricular 
tachycardia/ventricular fibrillation group during days 4 to 7 
after occlusion. The rate of the tachycardia ranged between 
2lO and 350 beats/min. (mean 275 ± 35). The tachycardia, 
usually after an initial variation both in rate and configu•
ration (initial one to five beats), proceeded with a constant 
cycle length (± 5 ms) and uniform QRS configuration (Fig. 
2, 3 and 4). The tachycardia had a left bundle branch block 
configuration with superior axis deviation, suggesting right 
ventricular origin (Fig. 4). 
Termination of induced sustained ventricular tachy•
cardia. Nine of the 63 episodes of sustained ventricular 
tachycardia terminated spontaneously within 20 minutes of 
Figure 3. Induction of sustained ventricular tachycardia during 
normal sinus rhythm (upper panel) with applied double premature 
stimuli (arrows) in a dog, 6 days after permanent right coronary 
artery occlusion. The lower panel shows induction of tachycardia 
with similar configuration in the same dog, with double premature 
stimuli application (arrows) during regular ventricular drive. AEg 
= atrial bipolar electrogram; VEg = ventricular bipolar electro•
gram; other abbreviations as in Figure I. 
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induction (mean 17 ± 4 minutes). Four of these occurred 
with no change in rate and QRS morphology, and the re•
maining five episodes terminated with both spontaneous 
change in QRS configuration and acceleration in tachycardia 
rate (Fig. 5). Two episodes of tachycardia degenerated to 
ventricular fibrillation, one after 3 and the other after 12 
minutes of induction. These were successfully cardioverted 
with transthoracic DC shocks. Attempts to terminate tachy•
cardia with applied double or triple premature right ven•
tricular pacing were made first; this resulted in successful 
termination of only three episodes. Overdrive right ventric•
ular pacing was then tried with incremental rates of pacing. 
This resulted in successful termination of 40 episodes, when 
the rate of the overdrive ventricular pacing was increased 
to a relatively rapid critical rate (Fig. 6). The cycle length 
of ventricular overdrive pacing ranged between llO and 200 
ms with a mean of 157 ± 18, for durations not exceeding 
3 to 5 seconds. Relatively slower pacing rates (that is, 5% 
higher than the intrinsic tachycardia rate) usually failed to 
terminate the tachycardia even when the duration of the 
pacing was increased to 45 to 60 seconds. Nine episodes 
could not be terminated with overdrive pacing at all pacing 
Figure 4. Induction of sustained ventricular tachycardia with ap•
plied triple premature stimuli (arrows) during regular ventricular 
drive at 400 ms cycle length in a dog, 5 days after permanent right 
coronary artery occlusion. The tachycardia has a left bundle branch 
block configuration and inferior axis deviation suggestive of right 
ventricular origin. Abbreviations as in Figure 3. 
-"\-'\.::~V 'v \v IV IV \JvVV'V\/ \/1; \}v'V 'V \/V \, Vv 'v IV \ 
I' ,\ II'~ "' 1/ ~J IJ 1'.1 (I I ~ I I ~ I IJ I ~J ' I 
aVF -:y(\)~'~KJvvv V VVvvv0VvvV VV vJ\ 
V1 -/'-/! I i I /~" t,~tt ~tN·(i r rf(fN-(!>(\i'- (~.' 
r r ~ , • \ 'I I I \ I j I ~ IV I I • I I' J I 
AoBP '"I I I , n' '~\':' .' I ~1J'......1v'\.... ,'0 ,'. I,' ! .. A r ! 
[AE9--"'-:::::"'J:::.~V:::J.~~-~~~g VEg-,,,,-,,/,,,,-,,-,--,~,,.',,,,,-,,,",-,-,-,-,-,,----,--.-.---
I , 
1 sec 
lACC Vol. 7, No 4 
April 1986.850-8 
LEAD n 
IOO[ 
AoBP ~ (mmHgl ° ______________________ ~_ 
AEg 
RVEg 
Figure 5. Various patterns of spontaneous termination of induced 
sustained ventricular tachycardia in dogs with permanent nght 
coronary artery occlusion. Records are taken from three different 
runs of tachycardia in two dogs. The upper panel illustrates abrupt 
termination of the tachycardia (arrow) (7 minutes after imtiation) 
with no detectable change in the cycle length of the tachycardia 
and QRS configuration. The middle and lower panels show a 
spontaneous change in the configuration and shortening of the cycle 
length of the sustained monomorphic tachycardia (as indicated by 
a single arrow) which after 24 (middle panel) and 16 beats (lower 
panel) terminates spontaneously (double arrows) with the re•
sumption of normal sinus rhythm. Abbreviations as m Figures 1 
and 3. 
cycle lengths tested (110 to 220 ms) and had to be terminated 
with transthoracic shocks. 
An~tomy of myocardial infarcts caused by permanent 
occlusion of the right cor(mary artery. The left ventricle, 
including the interventricular septum, was invariably not 
involved in the process of infarction. The infarct was located 
in the basal two-thirds of the right ventricle with no in•
volvement of the apex. The most anteroseptal and poster•
oseptal portions of the right ventricle were not involved in 
the process of infarction. Infarcts were at least focally trans•
mural (Fig. 7a), with little or no sparing of subepicardial 
fibers in some regions. In some dogs, there was considerable 
patchiness, with viable and necrotic myocardium inter•
spersed within the general zone of infarction (Fig. 7c). "In•
sulated" bundles of spared myocardial fibers were observed 
at the periphery of the infarct in every case. Relatively 
homogenous infarcts with little patchiness except at the edges 
of the infarct were also observed. The size of the infarct 
was quite variable and ranged from 3 to 61 % of the right 
ventricular free wall. When the response of the infarcted 
right ventricle to electrical stimulation was taken into ac-
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Figure 6. Termination of mduced sustained ventricular tachycar•
dia (VT) by overdrive ventricular pacing (as indicated by two 
single arrows in each panel) at specified cycle lengths in a dog 6 
days after permanent right coronary artery occlusion. Tachycardia 
could not be terminated by overdrive at cycle lengths (eL) of 180 
and 170 ms (top and middle panels, respectively); however, when 
the cycle length of the overdrive was decreased to ISO ms (lower 
panel), prompt resumption of normal sinus rhythm occurred after 
the cessation of nine overdrive beats. Abbreviations as in Figures 
1 and 3. 
count, it was found that hearts that did not manifest inducible 
ventricular arrhythmias had an infarct volume of less than 
8% (range 3 to 80/0) with a mean of 6.3 ± 20/0 (Table I). 
Conversely, hearts with inducible ventricular tachyarrhyth•
mias had a right ventricular infarct volume ranging from 21 
to 61 % of the right ventricle. There was no statistical dif•
ference in the infarct size between the ventricular tachy•
cardia/ventricular fibrillation and ventricular fibrillation groups 
(Table 1). However, the size of the infarct in the group with 
no inducible ventricular arrhythmias was significantly smaller 
(p < 0.02) than the size of the infarct in either the ventricular 
tachycardia/ventricular fibrillation group or the ventricular 
fibrillation group. Evaluation of infarct geometry in the ven•
tricular tachycardia/ventricular fibrillation and ventricular 
fibrillation groups revealed greater heterogeneity and patch•
iness in the zone of infarction in the ventricular fibrillation 
group than in the ventricular tachycardia/ventricular fibril•
lation group (3.4 ± 1.2 versus l.4 ± 0.4, P < 0.05). 
Discussion 
Our ability to induce ventricular tachyarrhythmias by 
programmed electrical stimulation in conscious dogs with 
chronic infarction limited exclusively to the right ventricle 
with no left ventricular involvement constitutes the major 
finding of the present study. The nature of the induced 
ventricular arrhythmias appears to be variable, depending 
on the size and pattern of right ventricular necrosis. 
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Characteristics of right ventricular tachycardia. The 
characteristics of the induced, sustained ventricular tachy•
cardias were, in many respects, comparable with those seen 
in models of left ventricular infarction in that the tachycardia 
had a monomorphic QRS configuration and stable cycle 
length, and could be terminated by overdrive ventricular 
pacing 0-3). 
A severely hypotensive (blood pressure nearly zero) rapid 
ventricular tachycardia lasting 2 to 8 seconds, at rates of 
320 beats/min and above, was consistently induced in nearly 
every dog. This rapid ventricular rhythm, which converted 
to normal sinus rhythm spontaneously within 8 seconds, 
was a common finding in the present study, and appears to 
be a salient characteristic of the right ventricular infarction 
model. The electrocardiographic feature of the induced 
tachycardia is a left bundle branch block configuration with 
superior axis deviation suggesting right ventricular origin 
of the tachycardia. The precise site of origin in the infarcted 
right ventricle and the mechanism of the induced sustained 
ventricular tachycardia are not known. 
Relation of right ventricular infarct structure to the 
nature of induced ventricular rhythm. The different ven•
tricular responses evoked by the three morphologically dif-
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Figure 7. Examples of different morphologic patterns of right 
ventricular myocardial necrosis in two dogs, 12 and 6 days after 
permanent right coronary artery occlusion. a, Homogeneous in•
farct with a large central region of necrotic myocardium surrounded 
by granulation tissue (asterisks in all sections), most prominent 
at the epicardial aspect of the infarct. Note sparing of a rim of 
subepicardial myocardial fibers (arrows) (trichrome stain, mag•
nification x 10). b, Edge of infarct in a showmg junction of gran•
ulation tissue and necrotic myocardial fibers (hematoxylin and 
eosin stain, magnification x 100). c, Patchy infarct demonstrating 
a mosaic of residual viable myocardial fibers and granulation tissue 
(trichrome stain, magnification x 10). d, Portion of c showing 
granulation tissue (asterisks adjoining viable myocardial fibers) 
(hematoxylin and eosin stain, magnification x 100.) 
ferent groups of right ventricular myocardial infarcts may 
well be related to the differences in infarct size and infarct 
structure. The presence of a relatively large right ventricular 
myocardial infarct, with numerous regions of viable myo•
cardial cells within the zone of infarction, may be instru•
mental in the induction of ventricular tachycardia and ven•
tricular fibrillation. Although we realize the limitations and 
the semiquantitative approach of our technique in grading 
the degree of patchiness of the infarct structure, hearts with 
lACC Vol 7. No 4 
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a greater degree of patchiness in the zone of infarction were 
more likely to develop ventricular fibrillation than hearts 
manifesting larger confluent areas of necrosis with a lesser 
degree of patchiness. The former type of infarct tended to 
sustain the tachycardia for longer periods of time. 
The frequent sparing of the right ventricular apex appears 
to result from the fact that this site is almost always perfused 
by both the left anterior descending and left circumflex 
coronary arteries (12). It is of interest to note that in the 
few human cases of right ventricular infarction reported, 
both patchiness of infarct structure and presence of left to 
right ventricular collateral supply were also reported 
(4,5,9,13). 
Possible mechanism of the induced tachycardia. 
Tachycardia induced by programmed electrical stimulation 
may be caused by a reentrant mechanism or by triggered 
automatic activity (14,15). Although our data do not indicate 
which of these mechanisms is operative, extensive mapping 
studies involving chronic left ventricular infarction (16-18) 
with similar tachycardia characteristics induced by electrical 
stimulation suggest that reentry is a likely mechanism re•
sponsible for the tachycardias induced in the present study. 
Our ability to induce tachycardia with double but not single 
premature stimuli is further suggestive evidence, but not 
proof, that reentry may well be a mechanism of tachycardia 
in the present study. The inability of a single premature 
stimulus to induce tachycardia, regardless of where it oc•
curred in the preceding cardiac cycle, may be caused by 
entrance block and failure of activation of reentry loop. 
When a closely coupled second premature stimulus is ap•
plied, the entrance block to the reentry circuit may be re•
moved because the first premature impulse may shorten the 
effective refractory period in strategic sites in the vicinity 
of the reentry loop, to allow conduction through regions 
that previously exhibited entrance block, presumably be•
cause of a long refractory period. The second premature 
impulse may thereby enter the presumed reentry loop and 
induce tachycardia. The removal of an entrance block through 
an infarcted region by a closely coupled second premature 
impulse has been shown to occur in infarcted areas after 
experimental coronary artery occlusion (19). Similar con•
siderations also apply to the termination of an established 
tachycardia in the present study. A critical shortening of the 
cycle length of the overdrive pacing had to be achieved for 
prompt termination of the tachycardia. This could well be 
related to removal of entrance block with critically shortened 
cycle lengths, with subsequent successful penetration in the 
reentry loop causing premature activation and subsequent 
termination of the tachycardia. These considerations need 
experimental verification. 
Time course of tachycardia inducibility after right 
ventricular infarction. The reasons for the delayed onset 
of inducible tachycardia (3 to 4 days after occlusion) or for 
its disappearance (12 days after occlusion) are not known. 
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Several possible explanations may be offered. Several days 
of ischemia may be required for the electrophysioiogic prop•
erties of cells in the ischemic region to be altered sufficiently 
to provide the proper conditions for inducible tachycardia. 
On the other hand, the stabilization of the infarcted right 
ventricle, that is, the inability to induce tachyarrhythmia 
beyond day 12 after occlusion, may be caused by either 
reversal of abnormal electrophysiologic properties of myo•
cardial cells responsible for tachycardia induction due to 
effective and competent collateral blood flow development 
(20), or by progressive further decrease in blood flow (21) 
to arrhythmia-causing myocardial cells, rendering them 
inexcitable. It is conceivable that both mechanisms may 
operate simultaneously. The reversal of atrioventricular con•
duction block to a normal conduction pattern within 5 days 
after occlusion suggests, but does not offer proof, that im•
provement of electrophysiologic properties of affected car•
diac cells may at least in part be operative for the disap•
pearance of tachyarrhythmias of the evolving infarcted right 
ventricle. 
Clinical implications. Several reports have shown that 
tachycardia in certain clinical settings could arise from the 
right ventricle. These include isolated right ventricular in•
farction (9), right ventricular dysplasia (22) and post-sur•
gical congenital heart disease (23); in certain cases tachy•
cardia could arise from the right ventricle without associated 
myocardial disease (24). Furthermore, a few clinical reports 
have also stressed the heterogeneity and patchiness of the 
infarcted right ventricle with (8) or without (9) the involve•
ment of the left ventricle. It is likely that the anatomic 
heterogeneity of the infarcted right ventricle could have 
important pathophysiologic consequences, ultimately lead•
ing to malignant ventricular tachyarrhythmias in humans 
(4,8,9). Now that diagnostic techniques for right ventricular 
infarction in humans are well described (5,25-28) and in 
light of the present findings, infarction of the right ventricle, 
per se, can potentially be associated with malignant ven•
tricular tachyarrhythrnia, necessitating careful evaluation and 
close attention. 
We gratefully acknowledge the technical assistance of Ella Tucker and the 
Word Processing Center in the preparation of the manuscript. 
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